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Figure S1. 5.75 mT electromagnet polarizer and 47.5 mT imaging system showing details of the experimental setup of the polarizer, the imaging system, the PHIP probe used, the SABRE transfer pathway through Earth field, and the HyperBridge/HyperGate pathway used for 1-13 C-succinate-d 2 transfer via the magnetized path.
Hyperpolarized Contrast Agents (HCAs) Production and Transfer
SABRE pyridine (Py) hyperpolarization is described in the main text. The prepared solution (Py with SABRE catalyst in methanol-d 4 ) was placed in a 10 mm NMR tube. The tube was placed at the center of the PHIP polarizer's solenoid electromagnet (with the rf probe removed) operated at ~60 °C for the duration of continuous parahydrogen bubbling to shield the sample from significant heating (i.e. < 40 °C). Ultra-high purity parahydrogen gas with >90% para-state 5 was bubbled through the solution for two minutes to produce hyperpolarized (HP) pyridine 6, 7 . Following the polarization procedure, the NMR tube was transferred through Earth field to the 47.5 mT imaging system. The elapsed time for the transfer process from cessation of parahydrogen bubbling to sample insertion into the H-X imaging probe of the MRI system was ~12 ± 2 s. Transfer path (HyperBridge and HyperGate) details and arrangement of the PHIP polarizer and low-field MRI system are shown in Fig. S1 .
1-13 C-succinate-d 2 contrast agent was produced using the Goldman polarization transfer sequence 8 and HCA preparation steps reported in Ref. 2 . Rh(I)-based molecular catalyst 9, 10 in aqueous medium was prepared in accord with a previously developed protocol 11 with further details of the catalyst prepa- 
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ration steps given in Ref. 12 . The 1-13 C-fumaric acid-d 2 substrate concentration was 30 mM, and the Rh(I) catalyst concentration was ~5.3 mM. HP 1-13 C-succinate-d 2 was produced inside the PHIP polarizer, and tested for percent 13 C polarization in situ, i.e. quality assurance (QA), using a 30° rf excitation pulse. HP 1-13 C-succinate-d 2 was then ejected from the polarizer, and passed through the HyperBridge and HyperGate (Figs. S1 and S2) directly into a 15 mL polypropylene Falcon tube (part 14-959-70C, Fisher Scientific) residing in the magnetic volume assembly (Fig. S2 ) situated adjacent to the low-field MRI system. The Falcon tube was located on a loading tray inside the magnetic volume assembly. Following transfer of tracer from the polarizer, the tray was then slid into the X-H rf probe with the hyperpolarized contrast media centered in the imaging volume ready for acquisition. The 1-13 C-succinated 2 had a 30 mM concentration (45 µmoles) in 1.5 mL water. 13 C-succinate-d 2 agent was subjected to a variety of magnetic field strengths and gradients due to field variations along the transfer path of the HyperBridge prior to insertion into the imaging system, no (potentially depolarizing) zero-field crossings were present as confirmed by a gaussmeter-all field measurements were verified through use of a LakeShore 410 gaussmeter (P/N 410-HCAT, Lake Shore Cryotronics Inc, Westerville, OH) as being within ±0.5 mT of the modeled magnetic assembly field plots (Fig. S3 ). All field simulations were performed with BiotSavart software (Ripplon Software, Inc.) and post-processing was performed with MATLAB (Mathworks, Inc). The rf cables and NMR console transmit/receive (T/R) duplexer connections had to be switched from the PHIP rf probe to the X-H imaging rf probe after HP 1-13 C-succinate-d 2 production and in situ detection in the PHIP polarizer. This switching process commenced after ejection of the HCA from the PHIP polarizer. The contrast agent in the Falcon tube was immediately inserted into the H-X rf probe and stored in the imaging system's 47.5 mT B 0 field until completion of the cabling changeover. The total process time from the production in the PHIP polarizer to the beginning of MRI imaging was ~22 ± 2s. 
S-7
High-Q rf coils at low resonance frequencies for MRI A key metric of MRI rf coil performance is the quality factor Q (ω 0 /Δω 0 ) of the rf receive network, where ω 0 is the resonance frequency, and Δω 0 corresponds to the -3 dB bandwidth of the matched rf circuit resonance at the detection frequency ω 0 . The use of high-sensitivity coils implies a high Q, which limits the maximum spectroscopic imaging bandwidth SW. For example, the rf circuits used here had Q values of 62 at 2.02 MHz and 28 at 0.508 MHz corresponding to Δω 0 (-3db) of 32 kHz and 18 kHz respectively. As a result, the presented study utilized the nearly maximum (i.e. without significant imaging artifacts and signal attenuation) imaging spectral widths (SWs) of 20 kHz and 10 kHz, respectively. These values of 20 kHz and 10 kHz were less than the corresponding Δω 0 (-3db) values of 32 kHz and 18 kHz respectively 13 . A high SW is desirable to enable a large imaging matrix. Large imaging matrixes are required for high-resolution MRI imaging using large field of view (FOV). For example, the 1 H images shown in Figs. 2F and 3C utilized a SW of 20 kHz and an imaging matrix of 256 x 256, or 78 Hz/voxel, which is only slightly greater than the measured FWHM of 50 Hz measured as 1/(π•T 2 *). In case when the SW per voxel should be less than the FWHM, it would result in significant imaging artifacts (i.e. blurring). The corresponding 13 C values (Fig. 4) were FWHM = 10 Hz and SW = 39 Hz/voxel. The imaging parameters used were clearly near the theoretically acceptable limits, indicating further need for higher imaging SW in order to improve imaging resolution, albeit the signal can be corrected numerically in post-processing 14, 15 . High-SW imaging at low frequencies is challenging to realize within the constraints of the hardware used here owing to the probe Q factors. However, the use of high-Q (low-SW) rf coils is advantageous from the SNR perspective. A potential solution to the contradictory requirements without loss of SNR as noted by Baudin et al. 13 is rf probe Q-spoiling by active feedback to increase the imaging bandwidth at low resonance frequencies. This approach also mitigates unwanted radiation damping due to rf coil coupling to the sample, which increases with increase of Q value 13, 16, 17 . Such Q-spoiling is certainly an advantageous solution to the dilemma of maximum SNR at low resonance frequencies, as it enables low-field MRI using both high-Q rf probes and high-SW imaging.
K-space under-sampling
Figures S4 and S5 provide examples of under-sampling of k-space data for hyperpolarized 1 H imaging. K-space under-sampling is automatically performed by the Prospa software as supplied by the manufacturer (v3.12, Magritek, Wellington, New Zealand). Note that k-space data under-sampling is conducted along only one (of the two) axes in the 2D GRE imaging sequence. For example, Figure S4 shows two images corresponding to Figures 3A and 3B of the main text. Figures S4 and S5 show the original k-space data in addition to the processed (reconstructed) MRI images. In Figure S4 , the collection of only 50% of k-space data starts from the center row of k-space and proceeds coherently (i.e. continuously) along y-axis. The data collection stops at 50% of k-space. The remaining rows of k-space data are zero filled. The k-space data now in a square matrix (e.g. 256 × 256) is then processed normally and automatically by the Prospa software. For example, the k-space data set of Figure S5A contains 256 lines along the x-axis and 84 lines along the y-axis (centered around 0 corresponding to 32.8% of total kspace data). The data was zero filled along the y-axis to 256 points, and the resulting 256×256 k-space matrix was reconstructed to the 256×256 image on the right. It is important to note that no additional image zero filling (beyond that automatically performed by the reconstruction as described earlier), smoothing, interpolation procedures, or other means to enhance the image quality have been applied.
Note that the examples of k-space under-sampling shown in Figures S4A,B and S5A essentially have no imaging artifacts due to the fact that the high-frequency content is within the covered/acquired undersampled range of k-space data. In fact, it can be argued that the images shown in Figures S4A and S4A are primarily collecting only noise after ~25% of k-space along y-axis. The imaging acquisition could therefore have been performed with a modestly greater acceleration factor than was used. Furthermore, the images shown in Figures S5A and S5A demonstrate the potential limits of k-space under-sampling as implemented in Prospa. In particular, the image in Figure S5A contains 32.8% of 256 sample points along the y-axis, while the image in Figure S5B contains only 5.1% of 256 sample points along the yaxis. The latter corresponds to only 13 lines of k-space data! While the imaging artifacts are invisible in the image in Figure S5A , the imaging artifacts are very noticeable in Figure S5B . To summarize, while k-space under-sampling can be useful for overall imaging speed acceleration, it should be used with due care as overenthusiastic k-space under-sampling leads to obvious imaging artifacts as shown here. 
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Figure S5. Reconstruction of 1 H hyperpolarized MRI images from differently under-sampled k-space data. The k-space data is presented exactly as output by Prospa software. The red dotted lines indicate the extents of data acquisition. K-space data was fully sampled for the x-axis, while k-space data was under-sampled for the y-axis. The k-space data was processed/reconstructed by Prospa software automatically in real time. (A) The exact image shown in Fig. 2F of the main text. Only 33% of k-space data (along the y-axis) were collected in a coherent fashion. (B) The image was collected using only 5% of kspace data (along the y-axis). Differences in the tube position were due to random positioning of the sample tube within a few mm between successive preparations of hyperpolarized agent. The imaging parameters used for the images in shown in (A) and (B)were: FOV = 24×24 mm 2 , imaging matrix = 256×256 mm 2 , TR = 60 ms, RF pulse length = 10 µs (corresponding to a flip angle of 9°). SW was 20 kHz for image (A), and 10 kHz for image (B); acquisition time = 12.8 ms for image (A) and 25.6 ms for image (B); TE of 13 ms for image (A) and TE of 26 ms for image (B).
